In ring sections of the sheep middle cerebral artery, electrical field stimulation elicits a complex re sponse due to the simultaneous release of vasodilator and vasoconstrictor neurotransmitters. Haemolysate abol ishes the relaxant effects of the vasodilator neurotrans mitter and causes a marked augmentation of the contrac tile response in both the presence (448 ± 191%) and ab sence (409 ± 134%) of an intact endothelium. The haemolysate also reverses relaxation induced by sodium nitroprusside or sodium nitrite but has no effect on relax ation induced by 8-Br-cGMP. The vasodilator neuro transmitter therefore appears to act directly on the smooth muscle to cause relaxation by the stimulation of guanylate cyclase. The vasoconstrictor neurotransmitters that are released are antagonised by prazosin (100 nM), ketanserin (100 nM) and atropine (100 nM), which sug-
The cerebral arteries of various species have been found to be densely innervated. Histochemical studies have shown the presence of noradrenergic, serotoninergic, cholinergic, and peptidergic nerves within the adventitia of various arteries from the cerebral vasculature (Iwayama et aI., 1970; Dahl 1970; Larsson et aI., 1976; Lee et aI., 1978; Scatton et aI., 1983; Hanko et aI., 1985) . There is some in vitro evidence of functional responses produced by nerve stimulation of cerebral arteries; however, there is little functional evidence for the identity of the transmitters released (Lee et aI., 1978; Duckles, 1979; Griffith et aI., 1982; Edvinsson et aI., 1984) .
It has been suggested that in cerebral vasospasm, blood-borne factors such as 5-hydroxytryptamine gests that the transmitters involved are noradrenaline, 5hydroxytryptamine , and acetylcholine, respec tively. In the presence of these three antagonists at 10 J.1M, there was 86.9 ± 4.8% inhibition. Incubation with 5-HT (10 J.1M) causes a marked augmentation of the con tractile response (267 ± 56%) to field stimulation that can be reduced by pretreatment with either desipramine or citalopram, inhibitors of noradrenergic and serotoniner gic uptake mechanisms, respectively. The 5-HT appears to be taken up into noradrenergic nerves and released as an alternative neurotransmitter upon subsequent stimula tion. These actions of haemolysate and 5-HT may be in volved in the cerebral vasospasm observed following sub arachnoid haemorrhage. Key Words: Sheep middle cere bral artery-Nerve stimulation-5-HT-Noradrenaline Acetylcholine-Haemolysate.
(5-HT) and haemoglobin may affect neurotransmis sion (Bowman et aI., 1985; Saito and Lee, 1987) . Some recent histochemical studies in cerebral arter ies have shown that 5-HT can be taken up and stored in noradrenergic nerves and that there are no specific serotoninergic nerves present (Levitt and Duckles, 1986; Chang et aI., 1988; Jackowski et aI., 1988) . Functional studies have also shown that 5-HT can be taken up by noradrenergic nerves and released as an alternative transmitter in dog coro nary arteries (Cohen et aI., 1987) , rabbit basilar ar teries (Saito and Lee, 1987) , and guinea pig cerebral arteries (Chang et aI., 1988) . This suggests that 5-HT released from aggregating platelets may be taken up by the noradrenergic nerves and subse quently released, causing spasm. There is also some evidence that haemolysate, which inhibits the ef fects of endothelium-derived relaxing factor (EDRF) (Martin et aI., 1985) , can block relaxations induced by transmural stimulation of other cerebral arteries (Lee et aI., 1984; Toda, 1988) .
The object of this study was to examine the ef fects of several selective receptor antagonists on electrical field stimulation of the sheep middle ce rebral artery in an attempt to characterise the neu rotransmitters responsible for the responses ob served. The sheep middle cerebral artery was cho sen because it was known to display both contractile and relaxant responses upon nerve stim ulation (Duckles, 1979) and some of the receptor types present are already known (Gaw and Wads worth, 1989; Gaw et aI., 1989) . The modulatory effects of haemolysate and 5-HT incubation on the nerve-mediated response and the mechanisms by which they acted were also investigated.
METHODS

Preparation of specimens
Experiments were carried out on sheep middle cerebral arteries (MCA). The sheep heads were obtained daily from an abattoir. The brain was rapidly excised and trans ferred to a beaker of oxygenated physiological salt solu tion (composition: NaCI, 118.3 mM; KCI, 4.7 mM; CaCI2, 2.5 mM; KHzP04, 1.2 mM; MgS04 1.2 mM; NaHC03, 25.0 mM; glucose, 11.1 mM; bubbled with 95% Oz, 5% COz, pH 7.5). The MCA was dissected off the base of the brain from the junction with the circle of Willis. The ar teries were cut into four 4-5 mm long ring sections (di ameter of 0.5-0.7 mm) and stored in physiological salt solution until required. The ring segments were sus pended on two intraluminal parallel wires of 100 11m di ameter in a manner similar to that of Nielsen and Owman (1971) . They were then placed under 0.2 g of tension for 1 h before application of the optimal preload for each artery (1.0 g MCA). The tissues were then left for a 30min equilibration period, during which they were allowed to relax to their own resting tension.
In some studies, the endothelium was removed from the vessels by perfusing with 0.1 % Triton X-IOO for I min at a flow rate of 0.5 ml/min (Connor and Feniuk, 1987) . The artery was then cut into segments and set up as de scribed above. The integrity of the endothelium was tested by adding substance P (100 nM) to the precon tracted artery. The vessel was assumed to be denuded of endothelium if there was no dilation.
Electrical stimulation was carried out using two parallel silver electrodes, one on either side of the arterial ring. The electrical field was generated using a Grass (Quincy, MA) S44 stimulator with a SIU5 stimulus isolation unit. Stimulation parameters were selected to achieve supra maximal nerve stimulation (70 V, 0.3 ms pulse width). Preliminary experiments were carried out at various stim ulation frequencies (2, 4, 8, 16, and 32 Hz) and it was found that maximum contraction was elicited between 16 and 32 Hz. A stimulation frequency of 8 Hz was chosen for subsequent experiments since this allowed reproduc ible responses to be obtained with only a short time in terval between repeated trains. The arterial rings were subjected to 15 s trains of stimuli at lO-min intervals and three reproducible responses (within 2% of each other) were obtained before the addition of any drugs. Measure ments were always taken at the moment when stimulation ceased. One arterial ring was kept as a time control in each experiment, allowing three arterial rings for drug J Cereb Blood Flow Metab. Vol. /0, No. 3, 1990 studies. Tetrodotoxin (300 nM) was added to the bath at the end of each experiment, which eliminated the re sponses upon subsequent stimulation. The responses seen were therefore concluded to be caused by mediators released from the nerves by transmural nerve stimulation (TNS).
Haemolysate studies
Upon obtaining three reproducible responses to TNS, haemolysate (1 I1l/m!) was added. Any changes in magni tude and characteristics of the contraction were recorded. In some experiments, arterial rings were precontracted with 5-HT (10 11M) and relaxant effects were obtained to TNS or by addition of sodium nitroprusside, sodium ni trite, substance P, or 8-bromo-cyclic GMP before the ad dition of haemolysate to the bath. The responses in en dothelium-denuded preparations were also investigated to determine any possible influence of the endothelium on the TNS-induced contraction. Methylene blue (10 11M), an inhibitor of guanylate cyclase, was used in several experiments to compare with the effects of haemolysate, which scavenges nitric oxide.
The haemolysate solution was prepared by lysis of fe line erythrocytes in a hypotonic phosphate buffer fol lowed by centrifugation and dialysis to produce a final concentration equivalent to 5% whole blood (Bowman et aI., 1982) .
Contractile studies
When three reproducible responses had been obtained, either atropine (100 nM), BM 13177 (10 11M), indometha cin (111M), ketanserin (100 nM), physostigmine (1 11M), prazosin (l00 nM), or propranolol (l 11M) was added to the bath and stimulation was repeated until a further three reproducible responses were obtained. Ketanserin (100 nM) was always added following prazosin pretreatment in order to eliminate any possible blocking effect of ketan serin on ucadrenoceptors. Cumulative addition of drugs was used for all of the studies involving prazosin, ketan serin, and atropine. The effects of the antagonists were also investigated in the presence of haemolysate (ll1l/ml), in which case haemolysate was always the first agent added. The responses in endothelium-denuded prepara tions were also investigated to determine any possible influence of the endothelium.
5-HT incubation studies
After obtaining three reproducible response to TNS in the presence of haemolysate (I I1I/ml) , 5-HT (10 11M) was added to the organ bath for 30 min, during which the stimulation cycle was maintained. In some preparations, the neuronal uptake inhibitors, desipramine (1 11M) or citalopram (20 11M), were added 30 min prior to the ad dition of 5-HT. At the end of the incubation period, the vessels were washed at 0, 2, 4, 6, 8, and 10 min. The stimulation cycle was maintained until three reproducible responses, in the presence of haemolysate, had been ob tained. Prazosin (100 nM) was then added followed by ketanserin (100 nM) in the manner described above.
The effects of 5-HT incubation on the concentration effect (C-E) curves for NA and 5-HT were also investi gated to determine if any effects on receptor sensitivity occurred. The first C-E curves were obtained in the pres ence of haemolysate. 5-HT (10 11M) was added immedi ately after washing and left to incubate for 30 min before washout. The tissues were left to equilibrate for a further 30 min before repetition of the C-E curves.
Data analysis
The results are expressed as the mean ± SD (text and tables) or mean ± SEM (figures), where the n values refer to the number of animals used. One preparation was ob tained from each sheep except in paired experiments (e.g., with and without endothelium or with and without haemolysate), where the test and control preparations each came from the same sheep. The data were analyzed using Student's t tests for paired and unpaired data. In the experiment where antagonists were added cumulatively ( Fig. 4) , Bonferroni's correction for mUltiple comparisons was applied. Significance was accepted for p < 0.05.
Drugs
Atropine sulphate (BDH Ltd.), BM13177 (Boehringer Mannheim), citalopram (Glaxo, Ware, U.K.), cocaine hy drochloride (Smith and MacFarlane), desipramine (Glaxo), bovine haemoglobin (Sigma), 5-hydroxytryp tamine creatinine sulphate (Sigma), indomethacin (Sigma), ketanserin tartrate (Janssen Pharmaceuticals), M&B 22948 (May and Baker), methylene blue, noradren aline hydrochloride (Sigma), physostigmine (Sigma), pra zosin hydrochloride (Pfizer), d,l-propranolol (Sigma), so dium nitrite (BDH Ltd.), sodium nitroprusside (Sigma), and substance P (Sigma) were dissolved in distilled water to form a stock solution of 10 mM with subsequent dilu tions made in 0.9% saline solution. Exceptions to this were indomethacin, which was made up in 1% ethanol, and prazosin, which was made up in 1% lactic acid, to make 100 fLM stock solutions.
RESULTS
Transmural nerve stimulation of the sheep middle cerebral artery elicited a complex contraction sim ilar to that reported by other workers (Duckles, 1979) . At optimal resting tension, TNS at 8 Hz pro duced a rapid peak contraction that then declined. When stimulation was switched off after 15 s, there was a slight relaxation followed by a prominent re bound contraction ( Fig. la) .
Haemolysate studies
The presence of haemolysate (1 fJ-l/ml) markedly augmented the maximum tension achieved with TNS by 448 ± 19 1% in endothelium-intact prepara tions and 409 ± 134% in endothelium-removed preparations (n = 8). The haemolysate also elimi nated the rebound contraction occurring immedi ately after the end of the stimulation train (n > 20, Fig. Ib) . The time course of the decay of the con tractile response obtained with haemolysate is sim ilar to that of the contraction obtained after stimu lation ceases (Fig. lc) . Endothelial removal did not significantly affect the augmentation of the TNS contraction caused by haemolysate (n = 6). Prelim inary experiments with 1 mM oxyhaemoglobin (pre pared by the method of Martin et al., 1985) showed a similar type of augmentation as that seen with haemolysate (n = 4). The effects of haemolysate were also mimicked by the addition of methylene blue (10 fLM), which is known to be a guanylate cyclase inhibitor (n = 4). The addition of sodium ascorbate (100 fLM), a free radical scavenger, had no visible effect (n = 4). The addition of M&B 22948 (10 fLM), which inhibits breakdown of cGMP, caused a reduction in the magnitude of the contrac tile response to TNS (41.5 ± 17.6%, n = 4) that could be reversed, in part, by the addition of hae molysate (1 fLl/ml). In arteries that have been pre contracted with 5-HT (1 fLM), field stimulation produced a dilation that was abolished either by TTX or haemolysate (Fig. 2) . The haemolysate also reversed relaxation produced by other procedures causing relaxation via stimulation of guanylate cyclase, i. e., sodium nitrite (n = 5) and sodium nitroprusside (n = 5), which act directly on the smooth muscle, or sub stance P (n = 6), which acts indirectly via EDRF, to cause relaxation by the stimulation of guanylate cyclase. Neither the haemolysate nor methylene blue had any effect on the relaxation induced by addition of 8-bromo-cGMP (3 mM; n = 5).
Antagonists of noradrenaline, 5 hydroxytryptamine, and acetylcholine
The addition of prazosin, ketanserin, and atro pine caused a reduction in the contractile responses obtained with TNS ( Fig. 3 ). Each antagonist caused �' � . In both experiments, the contractions were reduced by cu mulative addition of prazosin (100 nM), ketanserin (100 nM), and atropine (100 nM). Open and closed triangles represent the beginning and end of stimulation, respectively.
a distinct and significant reduction in the contractile response (p < 0.0 I) and the combination of all three at 100 nM caused a 70.5 ± 15.0% inhibition of the contraction (Fig. 4) . Haemolysate had no significant effect on the ability of any of these agents to reduce the magnitude of the contraction (Fig. 4) . Removal of the endothelium also had no effect on the actions of the antagonists (n = 5). The residual contraction could be reduced further by increasing the concen tration of the antagonists to 10 f..L M each (residual contraction = 13. 1 ± 4.8% of contraction before antagonists, n = 4).
Indomethacin ( terase inhibitor physostigmine (1 f..L M) caused a sig nificant augmentation of the contraction obtained in the presence of haemolysate by 113.3 ± 3. 1% (n = 5) in endothelium-intact preparations and by 116.0 ± 2.5% (n = 5) in endothelium-denuded prepara tions, giving further evidence that acetylcholine is a vasoconstrictor transmitter in the sheep cerebral vasculature.
5-HT incubation studies
Incubation for 30 min with 5-HT produces a sig nificant augmentation of the contractile response obtained to TNS in the presence of haemolysate (Fig. 5 ). The magnitude of the contraction was in creased by 228 ± 51 % in endothelium-intact prep arations and by 267 ± 56% in endothelium-denuded preparations (n = 5). Removal of the endothelium had no effect on the augmentation of the contrac tion response. Antagonist studies after 5-HT incu bation show prazosin to cause a significantly smaller reduction of the augmented contraction than it produced without preincubation with 5-HT (p < 0.01); however, ketanserin caused a signifi cantly greater reduction (p < 0.0 1) of the aug mented contraction than it produced without 5-HT preincubation (Fig. 6) .
The uptake inhibitors desipramine and citalopram prolonged the TNS-induced contraction in the pres ence of haemolysate. The time for the TNS-induced contraction to decay to 50% of the maximum re sponse was 9.9 ± 4.2 s before desipramine and 18. 1 ± 3.9 s after desipramine, and 7.6 ± 2.7 s before citalopram and 13.8 ± 6.9 s after citalopram. Desi pramine and citalopram both antagonised the aug menting effect of 5-HT incubation on the TNS induced contraction and also reduced the ability of ketanserin to block the augmented contraction (Ta ble I).
Incubation with 5-HT did not have a significant effect on the potency of noradrenaline but caused a significant reduction in the potency of 5-HT in the MeA (Fig. 7) . The same result was obtained whether the endothelium was present or absent. 
DISCUSSION
Neurotransmitters in the sheep cerebral circulation
The results obtained from this study show that several vasoactive neurotransmitters can be re leased by electrical field stimulation of the sheep middle cerebral artery, some causing contraction and one causing relaxation. The complex shape of the contractile response to transmural nerve stimu lation can therefore be explained by the simulta neous release of both constrictor and dilator sub stances so that the response observed is the net result of both influences. The rebound contraction observed on cessation of stimulation might be ex plained by a faster inactivation of the dilator fac tor(s) than the constrictor agents (Duckles, 1979) .
The results from the haemolysate studies show the release of a vasodilator factor of neurogenic or igin during TNS that is sensitive to inhibition by haemolysate. Similar results have also been re ported in the middle cerebral arteries of the dog and monkey; however, the influence of the endothelium in these studies was not determined Toda, 1988) . Endothelium-derived relaxant factor(s) (EDRF), released by agonists such as ace tylcholine, are known to be inhibited by oxyhaemo globin, which has been shown to be present in high quantities in haemolysate Martin et al., 1985) . The endothelium has been shown to contain tetrodotoxin-sensitive cation channels (Harder and Madden, 1987) ; therefore, the possibility was considered that field stimulation may have been causing EDRF release either di-rectly by depolarisation of the endothelial cell or indirectly via the release of a neurotransmitter that acts on the endothelium. The ability of TNS to cause a relaxation in a precontracted artery in the absence of endothelium, coupled with the observa tions that endothelium removal does not affect the shape of the TNS-induced response nor the aug mentation of the response by haemolysate suggests that there is a dilator factor(s) of neuronal origin present in the sheep MCA that acts directly on the muscle cell and can be inhibited by haemolysate. If the relaxation to TNS is caused by more than one dilator factor, it would seem likely that all of the factors must act via activation of guanylate cyclase because both haemolysate and methylene blue can abolish the dilator response. The ability of the hae molysate to reverse sodium nitroprusside and so dium nitrate induced relaxations while having no effect on the relaxation induced with 8-Br-cGMP confirms the role of haemolysate as an inhibitor of cGMP production in this preparation.
It has been suggested that haemolysate can also inhibit prostacyclin production (Toda, 1988) ; how ever the addition of indomethacin had no effect on the TNS response. When whole blood is incubated at 37°C, the levels of oxyhaemoglobin increase with time up to 14 days, probably due to the breakdown of erythrocytes, which closely parallels the time course of cerebral vasospasm (Duff et aI., 1987) . The results from this study show that oxyhaemo globin could cause vasospasm by inhibition of the effects of a vasodilator neurotransmitter. Haemoly sate has no effect in endothelium-denuded cerebral artery, on the ECso or maximal contraction to 5-HT or noradrenaline (Gaw et aI., 1989) . Thus, the ef fects of haemolysate on the shape and size of the neurogenic contraction are caused by inhibition of a The table also shows inhibition by ketanserin of contraction obtained following 5-HT incubation with or without I fLM des ipramine or 20 fLM citalopram.
Significant differences (p < 0.05) from control (absence of desipramine or citalopram) are denoted as a, and differences between desipramine and citalopram are denoted as b.
Results are expressed as the mean ± SO of six experiments. vasodilator substance similar to NO, not by aug mentation of vasoconstrictor neurotransmitters.
The results from the antagonist studies provide strong evidence for noradrenaline, 5-HT, and ace tylcholine (ACh) as functional neurotransmitters in the sheep middle cerebral artery. The antagonists reduced the TNS contraction to a similar extent in the presence of haemolysate, suggesting that the haemolysate was not causing augmentation of the contractile response by selectively increasing the sensitivity of one of the receptors or coupling mech anisms. The ability of higher concentrations of the antagonists to reduce further the contractile re sponse has led us to conclude that TNS leads to the simultaneous release of acetylcholine, 5-HT, and noradrenaline and that the residual contraction may not necessarily be caused by the release of a further vasoconstrictor agent. Noradrenaline and 5-HT have long been known to be potent contractile agents in the cerebral circulation; however, ACh has been considered to be a vasodilator transmitter as it is in many other vascular preparations. In previous studies, addition of ACh to a precontracted section of sheep middle cerebral artery caused a transient relax ation followed by contraction in endothelium-intact preparations but had no relaxant effects in endotheli um-denuded preparations (Gaw et aI., 1989) . This phenomenon could be caused by the mixed effects of EDRF release and a direct contractile effect on the smooth muscle as described in cat cerebral arteries (Lee, 1982) . In the cat cerebral circulation, atropine J Cereb Blood Flow Metab, Vol. 10, No.3, 1990 was shown to be equipotent at inhibiting both the relaxant and constrictor effect of ACh by blocking muscarinic receptors (Edvinsson et aI., 1977) . The ability of atropine to reduce the contractile re sponse to TNS suggests that ACh also acts on mus carinic receptors in the sheep middle cerebral artery to cause contraction. The potentiation of the con tractile response with physostigmine gives more support to the role of acetylcholine as a vasocon strictor neurotransmitter because it establishes that a breakdown mechanism for acetylcholine is present. The relaxant effects of the exogenous ad dition of acetylcholine seem unlikely to be of phys iological importance in this artery.
Nerve stimulation of the canine basilar artery by both electrical and chemical means has shown the release of a thromboxane A2-like substance that can elicit a contractile response (Shirahase et aI., 1988; Connor et aI., 1989) . In the sheep MCA, neither indomethacin nor the thromboxane A2 antagonist BM 13 177 had any effect on the contractile re sponse. This suggests that cyclooxygenase prod ucts, including thromboxane, are not involved in the TNS-induced response. The lack of effect of propranolol also suggests that l3-adrenoceptors do not have any role in the contractile response elicited with TNS.
Modulation of neurotransmission by 5-HT
Incubation with 5-HT augmented the TNS re sponse considerably. The ability of the selective up-take blockers desipramine and citalopram to reduce the degree of augmentation suggests that the 5-HT is taken up into the nerves and released in greater quantities upon subsequent stimulation. The varia tion in the degree to which ketanserin blocks the augmented contraction also points to incubation with 5-HT causing an increase in the amount of 5-HT released. The ability of desipramine to reduce the effects of ketanserin following 5-HT incubation also suggests that there is proportionally less 5-HT released by TNS if uptake mechanisms are blocked prior to the addition of 5-HT. The results from the agonist studies indicate that incubation with 5-HT does not result in an increase in the sensitivity of 5-HT receptors or a-adrenoceptors, but in fact causes slight desensitisation of the postsynaptic 5-HT receptors since 5-HT was significantly less po tent following incubation. This therefore shows that the augmentation of the contractile response seen following 5-HT incubation is not caused by receptor sensitisation.
This leaves open the possibilities that 5-HT can either be loaded into specific serotoninergic nerves or it can be taken up and stored by other nerve types, e. g., noradrenergic nerves, and released as an alternative transmitter (Saito and Lee, 1987; Chang et ai., 1988) . The results shown here rule out the possibility the 5-HT could be taken up into the endothelium and released upon stimulation because removal of the endothelium did not significantly af fect the augmentation of the response observed fol lowing 5-HT incubation. These results do not prove that 5-HT is a transmitter under physiological con ditions in the sheep MCA. It is possible that in the time between the slaughter of the animals and dis section that 5-HT released from platelets during blood coagulation may have been taken up into adrenergic nerves. Therefore, the ketanserin sensitive inhibition observed before 5-HT incuba tion may be a pathological rather than a physiolog ical phenomenon. The greater ability of desi pramine to inhibit the augmentation implies that most of the uptake is via a noradrenergic uptake processes. The ability of citalopram to reduce the augmentation of the contractile response suggests a specific 5-HT uptake process does exist; however, it is not clear whether this is present in distinct se rotoninergic nerves. It may be that selective uptake processes for 5-HT and NA can occur in the same nerve.
This study has shown that 5-HT, acetylcholine, and noradrenaline may play a role in the normal physiological control of the sheep cerebral circula tion. However, it appears that acetylcholine is present as a vasoconstrictor and not, as has been suggested before, as a vasodilator agent. Our re sults also provide evidence for the existence of va sodilator nerves that release a transmitter that acts through cyclic GMP. This could be a peptide such as the calcitonin gene-related peptide or vasoactive intestinal polypeptide, which are known to exist in the cerebral arteries of some species (Larsson et ai. , 1976; Edvinsson, 1985; Hanko et ai., 1985 , Uddman et ai. , 1985 . It is also possible that it could be re lated to the inhibitory transmitter observed in the bovine retractor penis muscle or to an EDRF-like neurotransmit ter similar to that shown in rat cerebellar cells (Garthwaite et ai. , 1988) . It is not clear if all of the transmitters characterised are released from motor nerves. It is possible that, when stimulating trans murally, the release of transmitters from sensory nerves may occur artefactually and therefore they may not have a role, physiologically, in the control of vascular tone. The results indicate a putative role for 5-HT and lysed blood cells in cerebral vaso spasm. The release of 5-HT from aggregating plate lets would cause constriction of the artery. The abil ity of 5-HT to be taken up by nerves before it is broken down may also have a role to play in the reduction of blood flow observed after the initial spasm has subsided. More 5-HT could be released from specific serotoninergic nerves than normal or else 5-HT could be released as an alternative trans mitter that is more effective than the physiological transmitter (e. g. , noradrenaline) at causing contrac tion. The presence of haemoglobin from lysed blood cells could inhibit any effects of EDRF (Gaw et ai., 1989) and any neurally released vasodilators, simi lar to the one shown here in the sheep, that would greatly augment any contractile responses. The combined effects of 5-HT and haemoglobin is to cause contraction, inhibit vasodilator influences, and augment greatly the contractile response to neural stimulation in sheep cerebral arteries. These may be major factors underlying cerebral vaso spasm induced by subarachnoid haemorrhage.
